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ABSTRACT 
Many organisms enter a state of diapause to avoid harsh 
conditions. Diapause may oocur in an embryonic or postembryonic 
stage in the lifecycle and may be induced by a number of factors, 
depending on the organism and the evolutionary history of the 
population. This study investigated the possible factors 
important in the induction of embryonic diapause ii\ the copepod 
Diaptomus pallidus. This species produces either subitaneous 
eggs, which hatch within a few days of extrusion, or diapause eggs 
which are capable of surviving harsh conditions and hatch after a 
longer period of time. 
A number of factors were examined in controlled laboratory 
experiments. These factors include algal food type, crowding, 
,photoperiod, the quality of the algal food, and the chemical 
composition of the medium in which the animals live. The 
offspring of the animals in each condition were counted on a 
. 
regular basis and the pe;cent subitaneous eggs was analysed 
_statistically to determine if there was a difference in the type 
of eggs produced in conn.ection with the experimental treatment. 
The results show that the mQst consistent factor determining 
the type of egg produced was the chemical composition .-of the 
. 
medium. An increase in the percent diapause egg production was 
associated with higher concentrations of micronutrients in the 
medium. The possible links betwee~ harsh environmental conditions 
and the biogeochemical cycling of these micronutrients was 
. '\ discussed. 
:.- ". 
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Environments sometimes deteriorate. The organisms 
living in these environments often move by migration or 
dispersal to more suitable habitats. For many organisms 
migration to different climates is impossible, therefore 
periods of unfavorable conditions demand a state of reduced 
/. 
metabolism, or dormancy. The physiological mechanisms 
controlling dormancy may be quite diverse; quiesence and 
diapause are the two most important mechanisms involved 
(Lees, 1955). The chief characteristic of quiesence, as 
opposed to diapause, is that the state of reduced metabolism 
is directly imposed by the adverse conditions( eg. 
dehydration and cold), and recovery occurs soon after these 
restrictions are removed (Saunders, 1982) •. oiapause differs 
'from quiesence in two fundamental ways. First, it is an 
actively induced state most frequently involving the 
cessation or alteration of neuro-endocrine activity, usually 
)at species-specific points in the organism's life cycle 
(Saunders,1982). Second, the onset of diapause is brought 
about by environmental factors which, although signal-1:ng the 
approach of unfavorable conditions, are not, in themselves, 
adverse. These are often called "token stimuli" (Lees, 
1955), the most common of which is photoperiod (Richards and 
Davies, 1977; Saunders, 1982). Muller (1970) recognized 
different types of diapause. Parapause is an obligatory 
2 
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diapause observed in organisms that produce a single 
generation a year. There is a ·defined phase of induction and 
the diapause supervenes in every generation in a 
species-specific instar. The onset of diapause is 
genetically controlled and appears independent of the 
environment. In eudiapause there is a facultative ~ cessat·ior1 
"' ' . . ,•. - . --- .... 
~ 
of development with species-specific sensitive periods 
t 
(inductive phases) and diapausing instars. Under favorable 
conditions development proceeds as normal. As unfavorable 
~ seasons approach diapause supervenes. 
~ 
The cessation of activity usually occurs during an 
immature state. For most insects and cyclopoid copepods 
diapause occurs during a postembryonic stage in the life 
cycle ( Elgmork, 1980; Elgmork and Nilssen,1978; Richards and 
Davies, 1977; Saunders,1982). Other animals have maternal 
induction of diapause, that is, the sensitive stage occurs in 
one generation and the arrest in development in the next, 
usually in the embryonic or egg stage ( Saunders,1982). 
Several groups of animals utilize this strategy, including 
rotifers (Barnes,1980; Gilbert 1974 and 1977, Birky and 
Gilbert 1974), cladocera (Slobodkin, 1954; Ferrari and Heber·t 
1982;), and calanoid copepods (Allan, 1976; Hairston and 
Munns, 1983; Marcus 1979, 1980, 1982, 1984; and others), and 
some insects such as the beetle Bombyx morii (Saunders, 
1982). 3 
.. 
,. 
·- ·------·---·-·-·-----
-
The animals which undergo diapause in the egg stage 
generally produce two types of eggs, subitaneous eggs which 
hatch shortly after extrusion, and diapause or resting eggs 
which sink to the sediments and hatch weeks, months, or years 
later (Allan, 1976). The diapause eggs are generally thicker 
walled and more resistant to temperature stress, dessication, 
,and other adverse conditions. Hairston and Olds (1984) 
studied the eggs of a calanoid copepod, Diaptomus sanguineus, 
with a transmission electron microscope. Not only did they 
find that the diapause eggs have thicker shells, but that the 
composition of the shells is different in the two types of 
eggs. The subitaneous eggs are of homogenous material~but 
, 
the diapause eggs consist of an electron dense cortex and a 
distinct, less dense inner layer. They report that similar 
results have been found for other species which they feel 
·explains why most animals do not make clutches of mixed eggs_. 
Th.e class Insecta contains the largest number of species 
of any group of animals and ranks with vertebrates as being 
the most successful inhabi tar1ts of the terrestrial 
environment (Barnes, 1980). Although it is believed their 
ancestors were marine arthropods, the Trilobites, very few 
insects inhabit marine systems today (Lanham, 1964; 
Pennak,1978). Some insects do occur in or on freshwater 
habitats at some time during their life histories, but these 
account for less than one percent of the total number of 
species (Pennak,1978). The "typical" life cycle of this 
4 
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diverse group is a generalizat
ion and does not apply to all 
groups. Insects usually repro
duce sexually, producing eggs 
which generally hatch into imm
ature forms which do not 
morphologically resemble the a
dult form (Barnes, 1980; 
Richard and Davies, 1977). These cha
nges of form are 
collectively called metamorph
osis. Diapause is genarally in
 
a species specific postembryo
nic state (Saunders, 1982). 
Rotifers are members of the Ph
ylum Aschelminthes. Th·ey 
have evolved in and inhabit fr
eshwater systems (Allan, 1976) -~ 
The subclass Monogonata employ
 both parthenogenetic and 
sexual reproduction. Amictic 
females produce daughters by 
parthenogenesis. Mictic fema
les produce males by 
parthenogenesis, or if impreg
nated by a ma1·e, the 1ni·ctic 
female produces resting eggs w
hich eventually hatch into 
amictic females. Amictic fem
ales can produce either amictic
: 
or mictic daughters and the pr
oportion of mictic female~ is 
markedly increased when the an
imals are exposed to particul.~
r 
environmental factors (Barnes, 1980; 
Gilbert 1971 and 1977;.: 
Birky and Gilbert, 1974). Therefore,
 induction of mictic 
female production is ultimatel
y the induction of diapause 
·egg formation and I will simpl
y refer to it as such. 
Cladocera are members of the s
ubphylum crustacea. Th¢·y-
have evolved in and mainly inh
abit freshwater systems 
(Allan,1976). Under most conditions 
cladocera reproduce by 
parthenogenesis. ~arthenogen
etic diploid eggs usually 
develop into female offspring.
 Under certain environment.al 
5 
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conditions some eggs develop into males and others into 
• 
sexually reproducing females. These females, if fertilized, 
produce diapa se eggs, in this case called ephippia (Ferrari 
and Hebert, 1 82; Slobodkin, 1954). 
Copepods, also crustaceans, evolved in the marine 
habitat and later invaded freshwater (Allan, 1976). The :1:-i:.fe 
cycle of copepod.s differs strikingly from that of cladocer::~ris 
and rotifers in its obligate sexuality (Allan,1976). 
Fertilized eggs hatch into male or female nauplii which 
undergo a number of instars reaching a copepodite stage and 
finally· adulthood. The subdivision calanoida produce 
diapause eggs in response to environmental cues, wherea$.. the' 
subdivision cyclopoida enter a state of diapause in a 
postembryonic state. 
. 
The timing of diapause is important not only because it 
is crucial to the survival of the sp•3cies, but it can also 
provide a selective advantage to those species, or 
individuals, which utilize the resources in such a way as to 
maximize their number of offspring (Marcus, 1984; Hairston 
and Munns, 1984; Hairston et al,1985). Figure 1 demonstratee 
how switching to production of diapause eggs too soon will 
lower total number of offspring. However, switching too late 
is also detrimental because even fewer offspring would 
survive. Many animals which use diapause as a method of 
surviving unfavorable conditions depend on reliable 
environmental cues for the"· timing of diapause. Table 1 lists 
6 
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TIME FEMALE 
N N N DE DE DE 
N N N N N N N N N 
DE DE DE DE DE DE DE DE DE 
N N N NNN NNN 
Figure 1. The importance of timing in diapause. The N's stand 
for ~auplii and the DE's for diapause eggs. In this case, 
the production of nauplii for two added generations greatly 
~. enhances the number of genes from the original female that 
will be present in the following favorable period . 
.. ~ ..... 
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Table 1. Factors determined to induce diapause. 
ORGANISM HABITAT 
Insects ubiquitous 
Roti-fers fresh water 
Cladocera f'resh water 
Copepods: 
Cyclopoid f'resh water 
Calanoid . marine 
f'resh water 
II\DUCING FACTORS 
photoperiod 
temperature 
-foo~ quality 
photoperiod 
density 
photoperiod 
density 
-food quantity 
photoperiod 
temperature 
photoperiod 
temperature 
photoperiod 
f'ood quantity 
density 
age 
INVESTIGATOR 
Lees. 1955 
Lees. 1955 
Gilbert. 1974 
Gilbert, 1974 
Gilbert, 1963 
Stross, 196S 
Ferrari, 1988 
D'Ambro, 1980 
Watson, 1970 
Watson , 1970 
Marcus, 1979 
Marcus, 1988 
Hairston, 1984 
Walton, 1985 
Wal ton, 1985 
Wal ton, 1985 
' 
the cues which have been determined important in the 
induction of diapause for a n11mber of organisms. 
.. 
·, 
Photoperiod has a primary effect on the induction. of 
diapause in insects ( Lees, 1955; Saunders, 1982). In 
temperate regions as the days get shorter there is generally 
an increase in the proportion of insects in diapause states, 
probably a mechanism to avoid the harshness of winter 
(Saunders, 1982). Often in tropical regions there is the 
opposite effect, that is, diapause is induced by lenghthening 
days (Saunders, 1982). Saunders reports that most 
investigators fee~ this is in response to problems of 
desiccation associated with tropical summers. 
Temperature pl.ays a secondary role to photoperiod thus 
fine-tuning the rigidity of photoperiod. If an autumn is 
·particularly mild the insects can utilize resources longer 
.i.nto the season and perhaps increase the population. If they 
were only using photoperiod they may miss the advantageous 
·circumstances, or get caught in a premature harsh period. 
Temperature usually does not stave off diapause indefinitely,. 
but can postpone or encourage it accordingly ( Saunders, 
.1'982) • 
An increase in photoperiod also induces some rotifer 
species to increase the proportion of mictic females produced 
thereby increasing the proportion of diapause eggs produced 
(Pourriot and Clement as cited in Gilbert, 1974). In several 
Brachionus species sexuality is related to high population 
9 
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density in the lab and in nature. Many studies, including 
Gilbert (1963), have found mictic female production to 
increase rapidly .with an increase in density. Gilbert (1963) 
. ' 
found that crowding with Paramecium spp. did not induce mixis 
in~. calyciflorus, suggesting that the crowding effect is 
mediated by a species- specific chemical. 
Food quality has also been implicated as: a contributing 
factor in the control of diapause onset for some rotifers. 
Gilbert (1974 and 1977) has done a number of studies which 
demonstrate that alpha-tocopherol has a positive effect on 
the production of mictic females for a n11mber of rotifer 
species in the genus Asplanchna. 
Photoperiod plays a role in diapause induction for some 
_species of cladocera. Stress (1965, 1968, 1969) foun~ that 
short days increased the production of sexual broods, and 
therefore diapause eggs, in two species of the genus Daphnia, 
~. pulex and .Q. middendorfiana. Ferrari and Hebert (1982) 
. 
found similar results for another Daphnia species. Both 
investigators found latitudinal differences in the day 
lengths which induce diapause. Animals from higher 
!attitudes responded with shifts to diapause egg_ p;roduotio:rt 
under longer day lengths than the animals from lowe·r 
!attitudes. The investigators interpret this as an 
adaptation to the particular climate. In higher !attitudes 
the effects of winter come sooner so the animals must prepare 
earlier. This phenomenon also indicates that characteristics 
10 
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of winter are the actual factors being avoided by diapause, 
and these factors are foreshadowed by photoperiod. 
Cladocera also respond to density hut only as a 
secondary factor to photoperiod (Stress, 1969). High density 
induces diapause in~. pulex and~- middenorfiana only under 
certain photoperiods. 
A number of studies (eg. Slobodkin,1954) suggest that 
certain cladocerans respond to increases in food supply with 
increased mictic female production. D'Ambro (1980) fed the 
cladoceran Moina macrocopa nutritive and nonnutritive 
particles. His results suggest that the action of ingestion 
influences reproductive behavior. When ingestion rate 
decreases, regardless of particle content, diapause egg 
prod~tion is increased. 
Cyclopoid copepod diapause is virtually· .identical to 
that of insects. Elgmork and Nilssen (1978) elucidate the 
similarities in bo·th the method of diapause in insects and 
cyclopoids, but also the similarity in the inducing factors. 
Cyclopoids are sensitive to photoperiodic induction of 
diapause only during a sensitive instar. Both long and short 
day responses have been noted depending on tbe species 
(Watson and Smallman, 1970; Elgmork, 1980)". Temperature. i,.s ·a 
secondary effect to photoperiod, altering the critical 
daylength to a certain extent (Watson and ~mallman, 1:970; 
Elgmork, 1980) 
. 
Marcus (1979, 1980, 1982, 1984) showed that the 
,. ·11 
. I 
• 
interaction of photoperiod and temperature that is so 
• 
prevalent in insects and other copepods is also important in 
a species of marine calanoid copepod, Labidocera aestiva. 
These animals responded to short days with the production of 
diapause eggs. Under cool temperatures the anim~ls begin 
producing resting eggs at a longer photoperiod than under 
' 
warm temperatures. She also noted that there is a 
latitudinal gradient in the day length inhucing diap·ause. 
Those animals from more southern latitudes responded to 
shorter day lengths than those L• aestiva from more northern 
shores. The most southern population studied did not produce 
resting eggs at all. These results are similar to the results 
above for cladocera, and demonstrate the different selection 
pressures on this reproductive strategy and how this trait 
has adapted to what is most suitable for the environment. 
Some freshwater species respond to photoperiod as well. I, 
Hairston and Munns (1984) demonstrated a long day effect in 
Diaptomus sanguineus. Using field data they found~. 
correlation between the switch to diapause egg production in 
.. 
Q. sanguineus and the appearance of sunfish populations. 
They hypothesize that Q. sanguineus produces diapause eggs to 
avoid predation from the sunfish in one pond and Chaoborus in 
another pond (Hairston et al, 1985). The appearance of the 
predators is signaled by photoperiod and temperature. 
A number of factors contrib~-te to diapause in 
onychodiaptamus birgei (Walton, 1985). Under constant 
1 ') 
• 
.... 
conditions females produced a greater proportion of diapause 
eggs as they aged. Density and food quantity can hasten the 
switch to diapause egg production. As density increases so 
t 
does the proportion of diapause eggs produced. At high 
densities hj_gh food concentration further enhances · production 
of diapause eggs. According to Hairston et al (1985) 
-
switching to diapause egg product.ion at a certain stage of 
the life cycle is adaptive for species inhabiting highly 
variable environments. This stategy allows both· the 
assurance of representation the next season and a 
continuation of populat.ion growth in the present seasoti.:.: 
Diaptomus sanguineus us.es this "bet-hedging" strategy ·iti :$·ome 
t~1ttporary ponds. 
Particular· factors hav.e been shown insignificant in 
inducing diapause eggs in Diaptomus pallidus by their 
inclusion in various experiments testing other aspects of 
reproductive strategies. Food quantity effects fecundity·but 
not egg type (Williamson et al, ·1985). High density may be 
det~cted by the organisms chemically, through. a build up o.f 
metabolic wastes, or mechanically, through touch receptors or-
frequency of encounters (Gilbert, 1963)~ Flow-through 
' I 
apparatus eliminates chemical build up, but in previous 
flow-through experiment.s ·t·here were high percentages of 
,, 
diapause eggs (Williamson et al, 1985; Williamson and Butler, 
in review), suggesting that density related chemicals are not 
responsible for diapause induction in~. pallidus. There was 
13 
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no difference in the percent diapause eggs produced between 
animals kept at 15C and 25C, suggesting temperature does not 
influence diapause in~. pallidus (Williamson and Butler, in 
reveiw) .. 
In this study a number of factors were tested for their 
importance in inducing diapause in~. pallidus. Crowding and 
photoperiod were examined because of the importance of these 
factors in the induction of diapause in other invertebrate.s 
(see Table 1). A number of factors were tested because of 
changes that took place during iaboratory culturing. When 
animals were brought into the lab from nature they always 
produced diapause eggs thus making the maintainance of 
laboratory cultures impossible. A number of changes in 
culturing technique were followed by production of 
subitaneous eggs and successful culturing. These changes 
included the addition of Clamydomonas reinhardi to 
Cryptomonus reflexa for a mixture of algal food types,- a. 
change in ammonia levels in the MBL nutrient medium 
(Stemberger, 1981), and the·use of spring water to supplement 
MBL in the dilution ~f algae to the desired concentrations. 
•.n." 
I 
. . ... ....... . ... -·· -· -·--·--··-- -----··---.. -~_ ....... _______ ,.,~ 
,. 
METHODS ,. 
Al.'gal cultures were obtained in 1983 from Whiteacre 
Pond, Lehigh County, Pennsylvania. The two cultures used ·111 
this study were culture stock WCR, Crypt<:>monus reflexa anq.. 
Chlamydomonas reinhardi. Algal cultures were maintained in 
.. 
semisterile conditions on the nutrient medium MBL mentione.d 
above. The cultures were kept in an incubator at 20C on a 
12: 12 L: D cycle. Light intensity was roughly 73pEinstei.ns 
cm - 2 s. Algal counts were perf armed with a Sedgewick Rafter· 
counting chamber for WCR and with a hemacytometer for 
Chlamydomonas reinhardi. 
Diaptomus pallidus cultures were collected from Lake 
·-
' l 
N·o .. c·kamixon, Bucks County, ~ennsyl vania, and were kept in 
J:3--o··o·m1 ·a·quaria at 2 oc at a 12: 12 L: D cycle. From January 
1985 until March 1985 the animals were kept in a mixture of 
WCR and .Q. reinhardi diluted to desired concentration (5xl,0 3 
cells ml-l of both algal species) with spring water. 
-Sta:c-ting in March 1985 the cultures were kept in sx103 c:el·Is· 
ml-l WCR. The medium was changed two times a week. 
Medium was changed by pouring animals and medium through 
a screen of appropriate mesh size. Subadult animals required 
a 48um mesh screen. Mesh sizes of 153, 202,or 2sopm were 
.15-
- -
. 
used for adults depending on which was available. When the 
copepods were immature the medium was poured through the 
screen which retained all the animals. A small plastic petri 
dish placed under the screen prevented the total loss of 
medium so the animals did not get left "high and dry". The 
animals were then washed into fresh medium. Once the 
copepods began producing offspring a larger size mesh 
retained the adults in the manner just described while the 
offspring were carried through the mesh with the medium. The 
adults were washed into fresh medium and the offspring were 
collected by pouring the refuse through a fine mesh screen 
(48um) • The culture animal offspring were then emptied int~ I 
f·resh "medium. The experimental offspring were washe~. into a 
small petri dis:h: and examined briefly. If nauplii were 
present Lugol is. s'olution was added to aid in counting by 
killing and: _stai.n·ing the naupli.i. ·.All eggs and n.auplii. w~:re 
czounted and the counts recorded. 
The experiments were conducted at 20C since this 
temperature was used for all laboratory cultures. Light 
intensity was 73pE cm-2 s, the standard amount of light 
,·, 
suppli_ed in the incubators.. Experimental methods are 
tabtflated in table 2. The slashed lines between treatments 
• 
indicate those treatments which were being studied in tnat ·'·· 
particular experiment. on the isolation date the animals 
were placed in the experimental conditions and the experiment 
r 
began. The asterisk following the experimental concentration 
16 
• 
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o e 
' 
., 
:indicates that the concentration was approximated because two 
different sized algal species were involved. The volume of 
algae cells was estimated by measuring the dimensions of 
cells with an ocular micrometer in a compound miroscope and 
calculating volume from the linear measurements. The volume 
for Chlamydomonas reinhardi was estimated as 26apm3 and that 
.. 
3 
=-of WCR as 2900pm • Therefore there was roughly a tenfold 
difference in the volumes. The objective was to approximate 
a concentration volumetrically comparable to sx103 cell ml-l 
WCR composed of equal volumes of both algae speci~s. Since ~~:_;~ 
the volume of c. reinhardi was ten times smaller than that of 
-
. 
WCR, the mixture contained 2.sx104 cells ml-l ~. reinhardi 
and 2.5~103 cells ml-l WCR. 
In the growth phase experiments the concentrations. f:or 
late and early growth phase of WCR were determined by 
. .. 
. 
counting :cultures of WCR everyday for a number of weeks 
without dilution. At the con.centration at which the growth 
. 
rate slows down the algae were believed to begin a senescent 
-stage. studies show that for some algal species the 
nu·tritional value is lower in the senescent cultures 
f.Paffenhoffer, 1971) • Alga were considered in early growth. 
phase if the concentration was below the point at which 
growth rate declines. The algae were considered to be in the. 
late phase if the concentration is greater than this. The 
concentration at which growth rate declines was determined by 
•• 
plotting ~oncentration in cells ml-l against time; the point 
18 
... 
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at which the curve leveled off was determined to be the 
. 
concentration at which the algae became senescent. This 
method was checked by plotting instantaneous growth rate, r, 
against concentra~ion. Instantaneous growth rate is 
determined by the equation 
I 
r· =------
t 
in which tis time, Nt is the concentration at time t, and N0 
is the concentration at time O. An equation for the line was, 
fitted using iteration and nonlinear regression analysis. 
The ingredients of the three types of MBL used are 
listed in Appendix A. MBLa is MBL with a lower concentration. 
of ammonia. MBLb is MBL without metals. 
The pH of spring wa~er and MBL was measured with an 
:O.riop Research Ionalyzer, model 399A. Four treatments were 
·:a-nalyzed. Two beakers contained spring water and two MBL . 
. One of each was in a 12: 12 L: D cycle and two in complete 
darkness. All beakers contained sx103 cells ml-l WCR. 
Readings for pH were taken every few hours and particularly 
around the time the light turned on and off. 
A field study was also conducted to test the validity of 
the photoperiod experiment. Animals were collected from dock 
J, Lake Nockamixon on May 4,14,22, and June 6,1985 with a 
' 
. 
153um plankton net. 1he samples were kept·in an insulated 
container for a few hours to minimize temper~ture shock. 
19 
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Eggs were collected in the following manner. The samples · 
were gently swirled and a fraction was poured into a 153um 
.mesh screen which was immediately lowered into a dish of 
carbonated water. This anesthetizes the animals so it is 
.. 
possible to isolate the desired individuals. The animals 
were then poured into spring water and examined under a 
dissecting microscope. Thirty-six clutches of eggs were 
. 
collected on each date. Eggs were collected whether they 
were attached to the female or had been dislodged. Each 
.. 
female, or separated clutch, was placed in a depression dish: 
~-
with a small amount of spring water. Two days later all 
depressions were checked for remaining egg clutches or 
nauplii. 
') 
Data consisting of the percent subitaneous eggs produced 
in each experiment were transformed with an arcsin 
square-root transformation, used to normalize percentage 
measurements (Sokal and Rolf, 1981), and analyzed with a 
multiple analysis of variance repeated measures design (Hull 
.. and Nie, 1981) • This design is used when measurements are 
taken repeatedly from the same individuals. Along with 
determining if there are significant differences between 
treatments this design determines if the individuals are 
, 
.-./ 
changing over time. That is, the use of this test 
' 
accomp~ishes both an ANOVA and a trend analysis in the same 
test (Sokal and Rolf, 1981). Data from the second growth 
phase experiment.was analyzed with a simple analysis of 
' 
• 
\. 
variance test due to the high number of replicates and the 
large proportion of days in which no offspring were produced. 
If·a repeated measures design had been used there would be 
too many mi~sing data for the test to work properly. A linear 
regression was performed on the data from the three-way 
factorial experiment to determine tf a relationship exists 
. 
between number df individuals in·a container and the type of 
egg produced. 
.It . 
. 2'.l 
.·r 
RESULTS· 
In spite of the negative and inconsistent nature of the 
results of many of the experiments, a few factors, the 
dilution medium and the presence of ·meta-ls, did show 
significant, positive effects. 
There was no significant effect of time in any of tll.e· 
experiments (table 3) • As the animals aged the production- o-f 
diapause eggs did not follow any pattern. 
The results of the two-way factorial experiment, which 
tested for effects of food type and crowding on diapause, 
show that there was no significant effect due to food typ_e· 
(p=.74) or crowding (p=.29), but there was a significant 
interactive effect of the two factors (p=.002, table 4)~ 
. 
In the photoperiod experiment a higher percent of 
nauplii were produced under the short versus the long day 
length treatment (table Sa,p=.002). In contrast to the 
·laboratory results the field data indicate that subitaneous 
eggs are produced in nature under quite long daylengths 
(table Sb). There was very high mortality in the long day 
treatment in the lab, over 50% as compared to. less than 10% 
in the other treatment. This is unusual especially when 
.,/ compared to the low mortality (less than 10%) in the other 
~ 
laboratory experiments in this study •. There was also lower 
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Te.!ble 3. Significance levels of the effer.:t of time on th,e 
type of eggs produced. 
EXPERIMENT 
2-WAY 
PHOTO PERIOD 
AMMONIA 
GROWTH PHASE 1 
3-WAY 
METAL 
SIGNIFICANCE 
(p= ) 
.19 
.41 
.•. :51 
.~ ~X>.·. 
•. ·1_:3: 
Table 4. overall percent nauplii produced in the two-way 
factorial experi1llent examining food type and crowding. 
WCR MIX 
SPARSE 10.0 5-0.·3 
DENSE 18, •. 2: •. 
t. 
-~-
. . 
- - ....... --- ... ·---··- ·-------
-· . -- . -·- . • • ~· -~ ----·· ... ·-·-~,,..··· ··--·?- - -~~--"'------·--·~---- ------·. 
l . 
' 
Table Sa. Total percent nauplii produced in the photoperiod 
experiment. 
p . .. 
' 
LIGHT CYCLE 
16:8 L:D 
8: 16 L.·: b 
r·ab.le: .Sb. Resu:lts of field data. 
f-.I·ELD COLLECTION 
DATE 
'lV/27 
't//4. 
V/14 
V/22 
VI/6 
.-.. 
I 
24 .. 
% NAUPLII 
.:1i0:(): 
.10.0 
1:0 .. 0· 
. .·. . 
:100. 
1-0'0 
-< 
.I 
.. 
% NAUPLII 
42.5 
82.2 
APPROXIMATE 
PHOTO PERIOD 
14 • 10 • 
14 • 10 • 
14 • 10 • 
15 • 9 • 
:1.5:-:9 
.... . 
• " • ~ • 
- • ., .. -e• .. - <. -~ --·
-·- _
_
_
_
_
_
_
_
_
_
_
_
_
_
 ., ______ ..._ • 
• 
I· 
fecundity in the long day treatment. The short day females 
produced an average of about 20% more offspring per female as 
the long day females. 
Ammonia levels do not effect diapause in Diaptomus 
pallidus. There was no difference between the two treatments 
in the ammonia experiment (table 6,p=.97). 
The growth rate of laboratory cultures of Cryptomonas 
:·:t'":e~le.xa began to slow down at about 1x104
 cells ml -l and 
-d'ecreased drastically at about 9x104 cells ml-l (figures 2a 
·and 2b). The equation of the bes~9fit .line was 
3.8 X 
y= 1834 - 1833e 
whe.re· .. a_ i.s th.e y axis intercept and b is the slop_e: .of t·he· 
I 
) :.l_i:ne. ·rrhis '.~l.ine shows a pronounced decrease in slope j·u.s.-t 
:below a c.oncentration of 1x104 cells ml -l (figure 21:>l .• 
R·e:sul:·ts of the growth phase experiments were 
i:nconsistent (tabl.e_s 7a and 7b). In the first experiment a 
:higher prop'ort ..-fon of nauplii were produced when the animals 
were fed :early growth phase algae (p=O. 001) • The resu·lts .of: 
the second experiment do not confirm those of the first·, but-, 
.show the opposite trend ; a higher percentage of nauplii_ were-
.p:,roduced when the animals were fed ].ate growth phase algae 
(p:::. ·06) • 
'rh_e p\lt-come of the three-way factorial experiment, 
testing· algal growth phase, the presence of light, and 
medi"um, ·(tables Sa and Sb) showed no significant differences 
due to growth phase (p=O. 15) ·nor light (p=O .16) • However, 
; ·2s. 
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Table 6. Total percent nauplii produced in the ammonia 
experiment. 
TREATMENT 
NO AMMONIA 
AMMONIA 
% NAUPLII 
67 .1 
61.7 
Table 7a. Tota! percent nauplii produced in growth phase 
experiment #1, batch conditions. 
TREATMENT 
LATE 
EARLY 
REPLICATE 
1 
2 
1 
2 
% NAUPLII 
74.0 
58.3 
95.8 
87.8 
Table 7b. Total percent nauplii prc,J.uced in growth phase 
experiment #2t flow through conditions. 
TREATMENT 
LATE 
EARLY 
26 
% NAUPLII 
95.8 
76.2 
.... 
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-1 Figure 2a. Concentration of Cryptomonus reflexa in cells ml 
versus time in days. 
27 
........ 
l 
. -- .. ---· .... ~ .,..__, ___ ,..... ___ . .,.. 
---
• 
.. 
.. 
1.2 • 
1.1 • 
• 
1.0 • • 
o.9 • 
0.8 
0.7 
Jzl o.6 • • 
~ o.s • • 
::c 0.4 ~ • • • • 
0 0.3 f§ • 
• • • 
0.2 Ul • 
::, 
0 0.1 Jll 
~ 0 • • 
-~ 
~) 
"' .... 
-0.l 
E-4 I<. 
~ -0.2 
H 
-0.3 
-o.4 
• 
'-
1x102 1Xl0
3 1Xl04 1Xl05 
CONCENTRATION IN CELLS ML-l ~~· 
, 
Figure 2b. Instantaneous growth rate of C!!Eiomonus reflexa 
versus algal cell concentration in cells ml • 
) 
' / 
28 
.. 
'· ' 
•" 
. ·• . ~-···----·-·------·----- ----... ·-·-
Table Sa. Total percent nauplii produced in the three-way 
factorial experimennt. The conditions·tested are algal 
growth phase, MBL vs spring water, and total darkness vs a 
12:12 L:D light cycle. 
LIGHT 
MBL 
SPRING 
DARK 
MBL 
SPRING 
LATE 
22.7 
47.2 
37.9 
38.7 
I 
. 'rl 
29 
EARLY 
15.4 
51.2 
28.2 
44.7 
I • 
• 
Table Sb. Results of the three-way factorial experiment 
arranged to show individual treatment effects. The results 
of all treatments in which a particular parameter was used 
were added to arrive at an overall percent nauplii for the 
particular parameter. 
TREATMENT 
LIGHT 
DARK 
MBL 
SPRING 
LATE 
EARLY 
30 
TOTAL% NAUPLII 
51.9 
54.0 
43.3 
64.5 
54.9 
52.4 
----·----- • ·-• • • , • .. ..,. __ . ;..- - -•--• ---····-------- .-.-a~·-·•••• ·-------- •-• •• ••-- ... ---· - • ·-·----~-. _____ .., ___ ... 
copepods in MBL diluted algae produce·proportionally fewer 
nauplii than those in spring water (p=0.001). There were no 
interaction effects,(p > 0.15) in all cases. 
When pH was monitored there appeared to be no patterns 
between the pH of the algae diluted w~th spring water or MBL 
(results in Appendix B). The possible difference between MBL 
and spring water that does appear to be important to the 
copepods is the metal concentrations. The results of the 
metal experiment are summarized in table 9. A higher 
't, 
proportion of subitaneous eggs are produced when no metal .is 
pr.esent in th.e :diluting medium (p=. 002) .• 
j· 
t 
Table 9. Total- percent naup:l_.i.'i pro<iuced in the metals 
experiment. 
TREATMENT REPLICATE % NAUPLII 
METAL 
NO METAL 
,. 
,. 
1 
2 
1 
-2 
-~l2: 
'49.3 
2·.a,.-s 
.... 
80,. l 
5'6.'8 
\, 
... 
DI CUSS ION 
Of all the factors ex.amined, metal concentration induced 
the most consistent response in egg type produced by 
Diaptomus pallidus. This conclusion is based primarily-on 
the results of the three-way factorial experiment and the 
, 
• 
111.etal experiment. In the three-way factorial experiment 
animals in the MBL treatments produced a higher percentage of 
diapause eggs than those in the spring water treatments. In 
the metal experime'nt a higher percentaga of diapause eggs 
~ 
were produced in th& treatment with metal present. 
Vitamins, macronutrients., and micronutrients (s.ee: 
,Appe_ndix A) were added to MBL while nothing is added -to 
:s-pring water. Th:e ingredient ( s) which is important in 
influencing th_e reproductive output of ~. pall.:idus could lie: 
.in a-ny of th_Eas·e catego:rie$_._ . . 
. . .. . Nitrogen is o.·f.ten thought to be 
.. 
a. ·possi-ble limiting nutrient in aquatic systems (Wetzel, 
1.9·a:2:). and forms of nitrogen are metabolic byproducts of many 
ot9.,anisms,. Forms of· nitrogen were considered to be pos:si:b·ly 
_important in stiint.1lat-ing reproductive shifts. Ammonia is 
added to MBL as a, macronutrient, but the level of .ammonia -i·n· 
the medium does not effect egg production. Although M-BL also 
contains a buffering ingredient which is absent in spring 
water, there were no consistent differences between the pH of 
a~gae in MBL and spring water. 
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Consistent results were obtained for the factors dealing 
with media differences, that is, the differences in effects 
due to MBL vs. spring water, and the absence or presence of 
metals and ammonia. Other factors tested, including· 
photoperiod and algal growth phase, showed inconsistent 
results. 
The results of the food type-crowding experiment 
fn·dicate no differences due to crowding or food type. Thetre 
i,s, however, a statistically significant interac·tion eff¢g.t. 
~his interaction effect is statistically real, but 
bi·olog·ically impossible. There are no common factors between 
.• . 
·-the treatments which have common. data; these results are 
unexplainable. 
The incon.sistency in the photoperiod· experiment li.es 
.-between lab and field results. The laboratory result.s-
indicate a l.ong day effect; under long photoperiods. high-
~ 
p.roportions of diapause eggs :are p_roduced. Field, ·collected 
ani:mals carried 100% subitanious .eggs under long· day leng:th 
I,.. 
·.cond:itions. Even if there were other factors .in the field ., 
:a.1t.ering the photoperiod effect there would not be compl.f!te 
:c:lom-inance of one egg type if a long day effect was :in 
. '..; 
oper~'\:i.on-. Some o.ther factor :_irt t·he lab i
1
s probably 
. 
.. 
:u. 
_res-p·onsible f·or t:he dominance of diapause egg production i-n 
the. lor1g day treatment. There was high adult mortality in 
th.e long day treatment which calls these results into 
qtte~tion. The clarity of these experiments cou..ld have b.een 
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improved by more sampling throughout the season. ... , ' 
Possible effects of algal growth phase were examined in 
three experiments. The first suggests that senescent algae 
signal the deterioration of the environment thus leading to 
diapause egg production. The second weakly suggests that the 
earlier growth phase algae lead to increased diapause egg 
production, and the final manipulation suggests that there is 
no effect due to growth phase at all. There are 
methodological differences between the· three- ·experiments 
which may account for some of the variability. The second 
growth phase experiment was conducted with a flow-through 
apparatus (Williamson et al, 1985) whereas the other two were 
conducted using a batch design. There is a possibility that 
·algal cells were ruptured in one of the treatments in the 
flow-through design due to a stir-bar spinning slightly too 
fast. Ruptured cells release chemicals which alter the 
-~:nvironment of the media. Ruptured cells also decompose 
which could cause changes in the chemical environment·. The .... . . '. 
variability between the first and the third experiment may· be, 
due to a more subtle design difference. The later experime-n:t· 
used animals in the first naupliar instar. These animals 
were under constant experimental conditions for their entire 
··life. The former experiment used adult animals. A sudden 
.change in conditions may alter the animals reactio·n, to 
ambient conditions, thus causing the response in the f::irst 
experiment which is absent in the third. 
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-It appears that ambient metal concentration influences 
the type of eggs produced in Diaptom~ pallidus. ··--To accept 
this we assume that a particular r~productive strategy is 
employed. Hairston et al (1985) propose two main 
reproductive strategies for organisms which produce ci.iapause 
eggs. To their two -trategies I add a third. 
In Hairston's bet-hedging strategy all females produce 
:.both subi taneous and diapause eggs independent of the 
environment. This strategy is evidenced by oscillat.ion·s ·in 
:·th~: proportion of: individuals at certain age groups as 
c·ohorts mature and produce their preprogrammed clutches :O:f 
s\lb.i:taneious eggs then d·iapause eggs. There is also 
:fluctua_t:.io.n in the type of eggs the femal,es are cai-ry.ii,.g' :at· 
-the time :o-f .sampling. If diapause eggs an·d ·s,ubitaneous eg9s 
:are· _produced randomly one would expect t:o find almost equal 
:.p·r.oportl,.·ons- of each at any one sampling date in a bet-hEa·dg.ing: 
:ntod·e·I • 
Hairston' s en·Vi:r.t>nmenta.l cue strategy is evidenced :by a 
complete switch from subitaneous to diapause eggs in response 
to an environmental cue signaling an approaching harsh 
period. Some females, if constantly under favorable 
conditions, never produce diapause eggs in~ ·the last 
,, 
. 
g_:ene.r,ati·on of females ·in a particular S:e~.s,c.,n only· produce 
d:iap:ause eggs. 
I propose a modi·fied bet-hedging approach in w~ich al.I 
:f.emales produce· };>oth types of eggs in the.ir lifetime, b.u:t :t-he 
36 
I' 
proportion of each type of egg is modified by environmental 
.. 
factors. These could either be factors which are directly 
harmful to the individual, such as toxicants, or factors 
which signal an approaching unfavorable period. The evidence 
for this strategy is fluctuations in the type of eggs 
produced with larger proportions of one egg type under 
certain conditions. One would not expect long periods of 
time in which only one type of egg is produced because all 
females produce both types. 
The data from this study can be examined in light of 
these strategies. The pure bet-hedging is not appropriate 
for two reasons: first, although both types of eggs are 
:p~oduced by most females in all treatments, there are 
,significant differences between treatments in the propoi:t·fon-
of diapause eggs produced. Second, there is no field 
-evidence for this strategy. There is 100% subitaneous egg 
:p·ro·.duction in the field for weeks on end. The modified 
.be·t-hedging model may be more appropriate since it takes into 
-account both the constant appearance of both types of eggs i'n 
-
the lab experiments and the influence of the various 
treatments. However, the field results do not support this 
.model since there is no hint of switching between egg types 
over a period longer than the average life span of the 
animals. The environmental cue model applies to the field 
results and in some ways to the laboratory results. The lab 
results show that environmental factors do effect egg type 
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produced, yet there is not a complete switch to diapause 
~ eggs. This may be due to the presence of metals in the algal 
cultures. The cultures are diluted to a great extent but the 
traces of metals in the "no metal" treatments may be enough 
to be a border-line signal. Every time the ~edium was 
changed the amount of algae used was slightly different and 
therefore the amount of metals added to the "no metal" 
treatmeni.·. varied. Some individuals are more sensitive than 
others to the ambient metal concentration and this may 
accou.n-t for the less than 100% production of ·either type of 
e·gg _i·n- t·he two treatments. The experiment· should be repeated· 
w.i th. --a1g·a.e c~l-tu~ed in MBL with. no- ,micronutrients for the "no 
:meta·1·11 treat111~_nt: and slightl·y increased doses of the 
~icronutrients in the other treatment. If there is a 
border-line effect this method may eliminate it -~rtd lead to-
results more in line with the environmental cue model. 
'rhrough more ·tho:urough field sampl-ing and more careful 
laboratory .$:tud:ie.-s· ·it wi'll :be_. poss;'ible to arrive at the model 
which best :describ·es the strate:gy,. the. mod,ifi,ed bet-hedging 
or the environmen-ta:l :cue. model. 
It. .all\l>.:ient met:a'l concentration does sig~t:tl. an 
approachfpg ca·t·astrophy, which catastrophy is :ft- -si:.gnaling 
and how:? .To answer these questions a basic ·und,erstanding of 
b.iogeochemical cycling in aquatic systems is required .. 
Biogeochemical eye-ling is a very complicated process and is 
regulated to a :;large extent by variations in 
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} oxidation-reduction, (redox), states, which are, in turn, 
mediated by photosynthetic and bacterial metabolism (Wetzel, 
1982). The predominant reactants in the redox process in 
natural waters are carbon, nitrogen, oxygen, sulfur, iron, 
and manganese (Wetzel, 1982). 
Redox reactions proceed with a flow of electrons between 
oxidized and reduced states until an equilibrium is reached. ti 
There is a tendency for the reduced to lose electrons and be 
transfo.rmed into the oxidized state. The presence of free 
electrons inhibits this process so that large quantities of 
free io_ns in reduced and oxidized states can exist toge·the.r. 
Th:rough the conversion of light ene:rgy into chemical 
b.o.rtds, photosynthesis produces reduced states of higher free: 
:etie.rgy and thus nonequilibrium conc.e:nt·rations of carbon, 
:nit:roge:n-,. :a:n·d s·:ulfur compounds (Stumm and Morgan, 1981). 
Respiratory· and f:ermentative reactions of nonphotosynthetic 
·o.rganisms tend t:o restore equilibrium by catalytically 
decomposing the products of photosynthesis (Wetzel,1982). 
Complete redox equilibrium conditions do not occur in natural 
aquatic ecosystems for a number of reasons. First, most 
redox: reaction:s are slow and consist of a q()Inposite of many 
:redox reaction:$ ·o..f different reaction rate·s (:Stumm and 
Morgan, 1981). In addition, continuously· ·changing input:s of· 
phqtosynthetic energy occur, which disrupt the tendency 
toward equilibrium_. For example, photosynthesis proceed:s :at: 
:different rates throughout the day depending on light· 
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intensity, and does not occur at all at night. Finally, 
equilibrium is not likely in a stratified lake beca se 
photosynthegis occurs in the top layer of a lake ad the 
majority of net respiration in the bottom layer. The two 
layers do not mix until fall turnover, therefore the reduced 
and oxidized states of chemicals from the epilimnion and 
hypolimnion, respectively, do not react. 
The presence of particular forms of metals is dependent: 
.on the redox potential, or the tendency of an aqueous 
solution to accept or transfer electrons (Stumm and Morgan~ 
1981; Wetzel, 1982). A low redox potential indicates a 
so:1ution in which the tendency to donate electrons is: 
relatively high. Redox potential remains: p·os.it-ive as lo·n;r .as 
some dissolved oxygen l,s: present. According to Wetzel (1982:.)_ 
tel!lperature and pH changes have only minor effects, compared: 
1:-o oxygen, on- redox potential. As· oxygen concentration 
:approaches zero, redox potential decreases· drastically. 
Wetzel (1982) explains the biogeochemical cycling of tne. 
important micronutrients, a summary of his explanation 
follows. Concentrations of ionic iron are exceedingly low in 
·aerated water where most iron occurs _a_$ :ferric. ·hydroxide in 
_p:articulate and colloid.al forlil -and as :compl:exes with org_ani_c., 
especially humic, compounds. The solub·-ility of manganese :is 
considerably high·er· than ·that of iron, but its reactions· :ar.-e 
analogous to iron. Hypolimnetic oxygen decreases. in the 
later summer stratification, as decomposition proceeds the: 
40 
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redox potential of hypolimnetic water can get very low. 
Under conditons of both low pH and low redox potential, 
ferrous and manganous ions diffuse from the sediments an
d 
accumulate in anaerobic hypolimnetic water of productive
 
lakes. Sulfur is also important in biogeochemical cycli
ng. 
Under strongly reducing conditions of very low redox 
potentials sulfate is reduced to sulfide. Highly insolu
ble 
metai_ic sulfides , particularly ferrous sulfide, form u
nder 
these ·conditions. Therefore in eutrophic lakes, high 
concentrations of hydrogen sulfide resulting from bacte
rial 
decomposition of sulfur-containing organic matter can le
ad ·t.o: 
significant decreases in dissolved iron as sulfides fopn
 
during late summer. 
Quantitative in-formation on th_e -~ynam_fcs: of other 
essential metall.ic micronutrients, zinc, copper, cobalt
, and 
molybdenum is ].imited. Micronutrient availabilty is governed 
by redox conditions and the extent of complexing with 
dissolved organic compounds and other inorganic ions. W
etzel 
concludes that sulfur is nearly always present in quant
ities 
adequate to meet high requirements for protein and sulf
ate 
ester synthesis. The dynamics of sulfate and the hydrog
en 
sulfide produced by decomposition of organic matter, ho
wever 
alter conditions in stratified, productive waters that a
ffect 
' 
the cycling of other nutrients, productivity, and biotic
 
d·istributio:i. Sulfate is the primary dissolved form of
 
sulfur in oxic waters. Hydrogen sulfide accumulates in
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anoxic zones of productive lakes where intense decomposition 
' ...,._ 
leads to very low redox pbtentials. Both iron and manganese 
-
become soluble in the hypolimnion because of the low redox 
potentials and at very low redox potentials iron and 
manganese can exist in ionic form. Some of this ionic iron 
and manganese bonds with sulfides, as stated above, but much: 
of it remains in other forms since it is leaching out :of the_ 
sediments at a faster rate than the sulfides are formed. 
Why are redox potentials and the related effects on 
metals important in the discussion of diapause cues and how 
might the two areas be connected? The answer lies in the 
fact that the concentrations of metals in the water column 
may· vary seasonally. As stated above, hypolimnetic oxygen 
d.ecreases in later summer stratification. ~s- deoomposi.t·ion 
·proceeds in tn:e _hypolimnion redox potentials of hypolimnetic 
waters catl g:e.t very low. Iron and manganese are released 
from the- :seg:iments at the low redox potentials and are oftet1. 
p.resent in ionic form in the hypolimnion. At the time of 
fall circulation high levels of iron and manganese can~¢ 
circulated tht·oughout the water ¢plumn. These metals 
accumula-te in the hypolimnion in the summer and are mixed 
w·i_th the entire water column in the fall. The copepods may 
be using the concentrations of these metals in the water to 
signal the onset of winter. 
According to Hairston and his coworkers (1983,1984,1985) 
the be·st. time for· a female to switch to production of 
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diapause eggs is one generation before ·the "catastrophy". In 
this model the individual produces offspring which have time 
to mature and produce diapause eggs themselves. The fema-le 
does not produce nauplii which do not have time to produce 
offspring before the catastrophy, but switches to diapause I 
eggs which will endure the harsh period. The use of metal 
concentration as an environmental cue has a number of 
advantages in light of Hairston' s model. First, increased. 
metal concentration is a signal that fall turnover has 
occurred. Two conditions follow fall turnover. The most 
iobvious is winter, a harsh time for many zooplankters due to 
·decreased food availability, freezing temperatures, ar1d 
sometimes anox·ia. An.other event, immediately follo,wing fall 
turnover_.is a fall plankton bloom. Large amounts of 
nutrients are brought to the photic zone and there is usually 
enough light to support the growth of algae. The copepods 
that use fall turnover, as signaled by metal concentration, 
as the cue to switch to diapause egg production benefit from 
this increased food availability. Fecundity and growth rate 
increases with an increase in food availability (Williamson 
et al, 1985). The last clutch of nauplii will grow to 
reproducti~e age more quickly and all generations will 
respond to the increased food with increased diapause egg 
output resulting in a greater genetic representation the 
following season. 
In theory the above model sounds great. 
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couple of problems, however. The experimental animals rarely 
·· produced all one type of egg or switch from subitaneous to 
diapause eggs permanently, but rather produced both types of 
clutches. This apparant constant switching may be due to the 
fact that many females were in each container and therefore 
it was impossible to discern which females were producing 
which eggs. The lack of complete population switching could 
.b.e. due to individual differences in the reaction to metals. 
'This question could be examined by looking at individual 
females. 
Perhaps the producti·o.n of eggs is controlled :PY a 
combination bet-hedging-environmental-cue strategy.. That is, 
all females produce some proportion of both types -of eggs but 
this proportion is ·:swayed by ambient conditions. ,Th.is 
,strategy would predict that at any one t·ime-. a sampl-e ftQrn .. 
. ·n,ature would contain females ca.reyi.ng_ b.o.th type:$-, of eggs,., 
Thi··s is not oemonstrated by my field res\tl ts. Th.e fiel:d. 
results su.pport the environmental cue strategy because at a 
certain time of year all eggs are subitaneous. All the lab 
experiments show both type of egg production and differences 
1 · · th t · f d d The most likel:_ 1~ in e proper ion o eggs pro uce. . ___ y 
·e·xpl_ana.ti:on is that :.Q ..• pallidus responds to metal 
c·oncent·ration as an e:nv-i:·ronniental cue to switch to diapause 
·a$ expla-·ined above. The 1ab.or:a:tory conditions were such tha,t 
cnang:e:s :in redox potential due. to differences in 
·tiho-t:osyntheis, bacterial meta_b·olism, an·d other £.·actors 
.... ,, 
.A .. , 
J; ·~r 
'It ' 
' 
resulted in changes in the form of metals present in the 
medium, however slight. Different individuals may have 
slightly different thresholds to the metal concentration and 
the above mentioned factors would have fluctuated to some 
extent thus resulting in a lack of all-or-nothing results. 
More work obviously needs to be done to clarify the 
answeres. The working hypothesis to be tested is that 
ambient metal concentration is a primary factor inducing 
diapause egg production in Diaptomus pallidus. Field studies 
should include year round monitoring of egg type and metal 
concentrations in the water column. The monitoring of metals 
may be extremely difficult but the collection of animals is 
more feasible. Laboratory studies testing the effects of 
metals could be conducted under more controlled conditions 
.. 
such.as one female per container, the presence of one metal 
:.or- particular metal combinations:_ . 
. •{, ... 
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APPENDIX A. 
The ingredients of the three MBL stocks are listed below. 
NUTRIENT STOCK 
Macronutrients 
NaNo 
Mgso! x 7H20 
cacl x 2H o 
Na2 sfo3 X au2o NaHC03 
~2 HP04 
NH4Cl 
Micronutrients 
Na EDTA 
Fet13 X 6H20 MnC1 2 X 4H20 
HBO 
ziso! x 7H2o 
CoC1 2 X 6H20 CuS04 X 5H2 0 NaMoo4 X 2H20 
* VITAMINS 
B 
Btotin 
MBL 
10.62 
9.25 
9.20 
7.10 
6.30 
1.09 
1.34 
1.09 
0.788 
0.045 
0.0325 
0.0055 
0.0025 
0.0025 
0 •· 0015 
• 
AMOUNT 
(g 250ml -l) 
MBLa MBLb 
'10. 62 
9.25 
9.20 
7.10 
6.30 
1.·09 
0 
.1 ... 09 
·o. 1ss 
o.·045 
0.0325 
0.-0055 
0.0025 
0.0025 
0.0015 
10.62 
9.25 
9.20 
7.10 
6.30 
1.09 
1.34 
:o 
.Q 
0 
;o 
o: 
0 
·o; 
..
·o 
AMOUNT 
( g 333ml-1 ) 
0.1000 
.0.00:0-5 
0. 00:05 
Bl2 
* ammount$ of ·vit,1:1,11lins: ar·f1! the E?ame i11 all MBL media. 
I 
I 
I 
I 
I 
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APPENDIX B. 
pH MEASUREMENTS 
TIME MBL,LIGHT MBL,DARK SPRING,LIGHT SPRING,DARK 
1200 7.0 7.0 7.0 7.0 
1920 7.3 7.2 7.5 6.9 
0710 7.2 7.2 7.0 7.0 
0930 7.2 7.3 7.1 7.0 
1800 7.5 7.0 7.7 6.8 
1915 6.4 7.3 6.9 7.1 
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